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(54) OPTICAL FIBER CONNECTING PART 

(57)Abstract: 

PURPOSE: To improve the allowable degree of position 

accuracy, and also, to obtain a low loss connection of a 

multi-mode optical fiber and a single mode optical fiber by ' 

tapering an end part in a state that a core part is covered 

with a clad part, and connecting the respective end parts . ■ 

with each side face part of the tapered part. 

CONSTITUTION: Tapers 13, 13' are formed by heating and , { 

drawing each end part of GI type multi-mode optical fibers 

12, 12' consisting of a core part 1 0 and a clad part 11. ' •'■ 

Subsequently, matching oil whose refractive index is almost ' ' 

the same as that of the clad part 1 1 is applied by a small 

quantity to side face parts 14, 14' of the tapered parts 13, 

13' a contact part 15 is formed by using its surface tension, • - 

and an optical fiber connecting part 15 is constituted. In 

such a manner, the allowable degree of position accuracy is 

connecting plural optical fibers can be improved, and also, a 

low loss connection from the multi- mode optical fiber to a 

single mode optical fiber is obtained, and the function of 

demultiplexing/multiplexting can be added at the time of 

connection. 
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Description 

1. Title of the Invention 

OPTICAL FIBER CONNECTION PORTION 

2. Claim for the Patent 

An optical fiber connection portion in which optical fibers 
are connected to each other at respective ends so as to transmit 
light between the optical fibers, wherein the respective ends of 
the optical fibers are formed into tapered shapes in such a 
state that a core part is covered with a clad part, and the 
respective ends of the optical fibers are connected to each 
other through side face parts of tapered portions. 

3 . Detailed Description of the Invention 
[Industrial Application Field] 

The present invention relates to an optical fiber connection 
portion in which optical fibers are connected to each other, and 
which is devised so as to greatly improve a transmission loss 
while widening a permissible range of positional accuracy 
between optical fibers to be connected. 
[Conventional Art] 

In order to connect an optical fiber to an optical fiber, 
there are fusion splicing which permanently connects the optical 
fibers to each other and a method of using an optical connector 
that can be attached and detached at any time, which are common. 
In the former fusion splicing, there are problems as follows. 



(1) since an optical fiber is a waveguide of light, it is 
necessary that a core is connected to a core and a clad is 
connected to a clad. Otherwise, light results in leaking or 
reflecting, which produces a loss. For instance, when end faces 
of optical fibers, which have been formed by cutting the optical 
fiber, are connected to each other, an alignment apparatus with 
high accuracy has been needed because the deviation of the axes 
and the deviation of the angles produce connection loss. 

(2) When a multi-mode optical fiber and a single-mode 
optical fiber are connected to each other, an optical 
transmission loss from the multi-mode optical fiber to the 
single-mode optical fiber is determined by a ratio of sectional 
areas of cores in both of the optical fibers. For instance, when 
core diameters are 50 |j,m and 10 |j,m, respectively, the optical 
transmission loss becomes 14 dB, which has been unavoidable. 

(3) Furthermore, it has been difficult to add functions of 
branching and multiplexing at the time of the connection, 
because of a structure of the connection portion. 

The present invention is designed with respect to such 
circumstances, and an object is to provide an optical fiber 
connection portion which greatly improves the tolerance of 
positional accuracy, also achieves a low-loss connection of the 
multi-mode optical fiber and the single-mode optical fiber, and 
adds functions of branching and multiplexing of light, when the 
optical fibers are connected. 
[Means for Solving the Problems] 

In order to attain the above described object, the present 
invention constitutes an optical fiber connection portion in 
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which optical fibers are connected to each other at respective 
ends so as to transmit light between the optical fibers, wherein 
the respective ends of the optical fibers are formed into 
tapered shapes in such a state that a core part is covered with 
a clad part, and the respective ends of the optical fibers are 
connected to each other through side face parts of tapered 
portions . 
[Operation] 

The optical fiber connection portion is prepared by forming 
the optical fibers into a tapered shape in such a state that a 
core part in the end of the optical fiber is covered with a clad 
part, butting the side face parts of the tapered portions, and 
connecting the optical fibers by bringing the side face parts 
into contact with each other, bonding the side face parts to 
each other, or fusion-bonding the side face parts to each other. 
Thereby, the light which has propagated in a core part of one 
optical fiber exudes at the tapered part, and the light is 
transmitted to the core of the other side. 
[ Embodiment s ] 

Preferred examples according to the present invention will 
be described in detail below with reference to the drawings. 
However, examples disclosed below are only exemplifications of 
the present invention, and should not limit the scope of the 
present invention. 

(Example 1) 

Figure 1 is a plan view describing a first example of the 
present invention, and Figure 2 is a sectional view taken along 
the line II-II of Figure 1. 
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An optical fiber connection portion was formed by: heating 
and drawing each end of GI type multi-mode optical fibers 12 and 
12' including a core part 10 (with core diameter of 50 |j,m) and a 
clad part 11 (with clad diameter of 70 |j,m) to form tapered 
portions 13 and 13' having a length of 25 mm and a tip diameter 
of 1 |J,m; applying a small amount of matching oil (d:1.46) having 
approximately the same refractive index as that of the clad part 
11 onto side face parts 14 and 14' of the tapered portions 13 
and 13 ' ; and forming a contact part 15 by using the surface 
tension of the matching oil, as illustrated in these drawings. 

In order to form the above described tapered portions 13 and 
13', the optical fibers may be drawn in such a state that the 
core part 10 is completely covered with the clad part 11 as in 
wire drawing, when the optical fibers 12 and 12' are heated and 
drawn. When the ends of the optical fibers are formed into a 
tapered shape (for instance, shape of sharpened pencil) by 
etching or the like, the core part is scraped, the side face 
part of a tapered portion of the core part is formed into a 
roughened face, and thereby a transmission loss decreases. In 
contrast to this, the tapered portion 13 according to the 
present example can be formed into a dwindled shape in a tapered 
shape while the core part is covered with the clad part 11, by 
being heated and melted, and then by being drawn so that the 
core part 10 and the clad part 11 become tapered shapes 
gradually. Accordingly, the core part is always protected, and 
the side face part of the tapered portion is not formed into the 
roughened face. 



An optical connection loss of the connection portion was 
measured in a form of a ratio of a value which was obtained by 
introducing the light emitted from an LED light source with a 
wavelength of 1,310 nm into a scrambler, introducing the light 
which came out from the scrambler into one optical fiber 12 and 
measuring the light which came out from the other optical fiber 
12' with an optical power meter, to a value which was obtained 
by measuring the light in the optical fiber 12 with the optical 
power meter. 

Figure 3 illustrates a measurement result which shows a 
relationship between a length d (unit: mm) of the contact part 
15 of the side face parts 14 and 14' and a connection loss (dB) . 

As is clear from the result of Figure 3, the technology 
according to the present example has greatly improved the 
tolerance of positional accuracy compared to that of a 
conventional technology of connecting the cut end faces of 
optical fibers to each other. Thereby, an operation of aligning 
the position to be conducted when connecting the optical fibers 
to each other can be simply and easily performed. 

(Example 2) 

Next, an experiment similar to a structure using the multi- 
mode optical fiber illustrated in Figure 1 was conducted by 
using a single-mode optical fiber. 

In the present example, a step type single-mode optical 
fiber having a clad with an outer diameter of 30 |j,m and a core 
with a diameter of 8 |j,m was used as an optical fiber, the 
optical fiber was heated and drawn, a tapered portion with a 
length of 25 mm and a tip diameter of 1 |J,m was formed, and the 
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tapered optical fiber was operated in a similar way to that in 
Example 1. 

An optical connection loss of the connection structure was 
measured by introducing the light emitted from an LD light 
source with a wavelength of 1,550 nm into one optical fiber, and 
measuring the light output from the other optical fiber. 

Figure 4 illustrates a measurement result which shows a 
relationship between a length d (unit: mm) of the contact part 
in the side face parts of the tapered portion in the present 
example and a connection loss (dB) . 

In addition, when the contact parts of the side faces of the 
tapered portions were fusion-spliced, connection loss was 
further improved and the stability of the loss also increased. 
As is clear from the result, the technology according to the 
present example has greatly improved the tolerance of positional 
accuracy compared to that of a conventional technology of 
connecting the cut end faces of optical fibers to each other. 
(Example 3) 

Next, an example which expresses a feature of the present 
invention best will be described. The present example shows the 
connection for optical fibers of a multi-mode optical fiber and 
a single-mode optical fiber, and the optical fibers were 
operated in a similar way to that in Example 1. 

Figure 5 is a plan view describing the third example of the 
present invention, and Figure 6 is a sectional view taken along 
the line VI-VI of Figure 5, where reference numeral 12 
illustrates a GI type multi-mode optical fiber having a clad 
with an outer diameter of 70 |j,m and a core with a diameter of 50 
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|j,m used in the Example 1, reference numeral 22 illustrates a 
step type single-mode optical fiber having a clad with an outer 
diameter of 30 |j,m and a core with a diameter of 8 |j,m used in 
Example 2, reference numeral 10 illustrates a core part, 
reference numeral 11 illustrates a clad part, reference numerals 
13 and 23 illustrate tapered portions with a length of 25 mm and 
a tip diameter of 1 |J,m, which have been formed by heat drawing 
of the optical fiber, reference numerals 14 and 24 illustrate 
the side face parts of the tapered portions 13 and 24, and 
reference numeral 15 illustrates the contact part to which a 
small amount of matching oil has been applied and at which the 
side face parts have been brought into contact with each other 
with the use of the surface tension, respectively. 

An optical connection loss of the connection portion was 
measured by the measurement of the light from the multi-mode 
optical fiber to the single-mode optical fiber, and by the 
measurement of the light from the single-mode optical fiber to 
the multi-mode optical fiber, in which the input and the output 
are inverted. 

Figure 7 illustrates a measurement result which shows a 
relationship between a length d (unit: mm) of the contact part 
15 and a connection loss (dB) . Incidentally, a dashed line 
illustrates the measurement result of the case from the multi- 
mode optical fiber to the single-mode optical fiber and a solid 
line illustrates the measurement result of the case from the 
single-mode optical fiber to the multi-mode optical fiber. 

In addition. Figure 8 illustrates wavelength characteristics 
of the connection loss when the contact length has been set at 
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15 mm. The upper solid line illustrates the case from the multi- 
mode optical fiber (M) to the single-mode optical fiber (S) (M 
to S) , and the lower solid line illustrates the case from the 
single-mode optical fiber (S) to the multi-mode optical fiber 
(M) (S to M) . 

As is clear from the results, the technology according to 
the present example has greatly improved the tolerance of 
positional accuracy compared to that of a conventional 
technology of connecting the cut end faces of the optical fibers 
to each other, and also has achieved a low-loss connection of 
the multi-mode optical fiber to the single-mode optical fiber. 

In addition, as for the wavelength characteristics, the 
values did not vary so much and the curves were flat, as 
illustrated in Figure 8. 

(Example 4) 

Branching and multiplexing of optical fibers when an optical 
fiber connection portion according to the present invention is 
used will be described below with reference to following Figure 
9 and Figure 10. 

Figure 9 is a plan view describing the fourth example of the 
present invention, and Figure 10 is a sectional view taken along 
the line X-X of Figure 9. Incidentally, in the present example, 
an experiment was conducted by using the multi-mode optical 
fiber 12 which was used in Example 1, and overlapping 
descriptions would be omitted. 

As is illustrated in these drawings, optical fibers 12b and 
12c are connected to a tapered portion 13a of an optical fiber 
12a at each of tapered portions 13b and 13c through matching oil. 



and the optical fibers constitute an optical fiber connection 
portion . 

When light was introduced from the optical fiber 12a, the 
light was taken out from the optical fibers 12b and 12c. 

On the other hand, when light was introduced from the 
optical fiber 12b, the light was taken out from the optical 
fiber 12a, but only slight light could be taken out from the 
optical fiber 12c. 

In addition, when lights having different wavelengths were 
introduced into the optical fibers 12b and 12c, the optical 
fiber 12a could output multiplexed light. 

As is clear from the result, the technology according to the 
present example could add a function of branching and 
multiplexing of optical fibers, which had been difficult for a 
conventional technology of connecting the cut end faces of the 
optical fibers to each other. 
[Advantages of the Invention] 

As described above, when a structure of a connection portion 
of optical fibers according to the present invention is employed, 
there are such advantages that an alignment apparatus with high 
accuracy is not needed because the tolerance of positional 
accuracy required when a plurality of optical fibers are 
connected is greatly improved, a low-loss connection of a multi- 
mode optical fiber to a single-mode optical fiber is achieved, 
and functions of branching and multiplexing can be added at the 
time of connection. 

4 . Brief Description of the Drawings 



Figure 1 and Figure 2 are explanatory views illustrating a 
structure of a connection portion of optical fibers according to 
first and second examples, Figure 3 and Figure 4 are graphs 
showing measurement results thereof, Figure 5 and Figure 6 are 
explanatory views illustrating a structure of a connection 
portion of optical fibers according to a third example. Figure 7 
and Figure 8 are graphs showing measurement results thereof, and 
Figure 9 and Figure 10 are explanatory views illustrating a 
connection structure of an optical fiber according to a fourth 
example . 

In the drawings. 

Reference numeral 10 denotes a core part, 
reference numeral 11 denotes a clad part, 
reference numerals 12, 12', 12a, 12b, 12c and 22 denote 
optical fibers, 

reference numerals 13, 13' and 23 denote tapered portions, 
reference numerals 14, 14' and 24 denote side face parts, 

and 

reference numeral 15 denotes a contact part. 
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Figure 3 

#1 CONNECTION LOSS OF MULTI-MODE OPTICAL FIBER 
#2 CONNECTION LOSS 
#3 WAVELENGTH 



Figure 4 

#1 CONNECTION LOSS OF SINGLE-MODE OPTICAL FIBER 
#2 CONNECTION LOSS 
#3 CONTACT LENGTH 



Figure 7 

#1 CONNECTION LOSS OF MULTI-MODE AND SINGLE-MODE OPTICAL FIBERS 
#2 CONNECTION LOSS 
#3 CONTACT LENGTH 



Figure 8 

#1 WAVELENGTH CHARACTERISTICS 
AND SINGLE-MODE OPTICAL FIBERS 
#2 CONNECTION LOSS 
#3 CONTACT LENGTH 



OF CONNECTION LOSS OF MULTI-MODE 
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